environmentally amicable. One-pot multicomponent reactions illustrate a conceivable appliance to accomplish a nearby idealized synthesis due to performing impressive combination of three or more ingredients in a single process and eluding the use of abundant quantities of organic solvents, poisonous reagents, costly purification methods, also, possessing high efficiency of products and saving the energy 1 . One pot, three-component synthesis of tetrahydrobenzo [b] pyrans is one example of an MCR. Benzopyrans form the backbone of many natural products which represent an immense series of pharmaceutical activities including diuretic, antitumor, anticoagulant, antibacterial, spasmolytic, antiallergic, and potassium channel activators 2 . Some 2-amino-4H-pyrans can be utilized as pigments, photoactive materials, and potential biodegradable agrochemicals 3 . A variety of methods for synthesis of these compounds using a number of catalysts under ultrasonic or microwave irradiations or in an electrocatalytic system have been reported [4] [5] [6] [7] . Serious problems such as multi-step reactions, high temperature conditions, costly catalysts or reagents, prolonged times of reaction; intense work-up, poor yields, issuant pollution, using specific apparatus, toxic solvents and etc. have restricted applying of these methods 8, 9 . Newly, green catalysts along with safe and inexpensive solvents such as water and mixture of water and ethanol, instead of detrimental solvents, have attracted much attention 10 Scheme1 EXPERIMENTAL 4-chlorobenzaldehyde 1, malonitril 2, dimedone 3, caffeine and ethanol were obtained from Merck (Darmstadt, Germany) and Fluka (Buchs, Switzerland), and used without any purification. All of the experiments were done by a carry UV-Vis spectrophotometer model Bio-300 with a 1 mm lightpath quartz cell.
General procedure
At first, 10 -2 M solution of compounds 1, 2, 3 and catalyst was prepared in a mixture of 2:1 water: ethanol as a solvent, separately and then, single spectrum of each compound was recorded at wavelength range 200-800 nm. In the second experiment, 0.2 ml of the solution of catalyst and reactant 2, 3 was added into the cell, respectively (because there is no reaction between them); then, 0.2 ml of reactant 2 was added into the mixture according to stochiometry of each compound in the overall reaction and progress of reaction was monitored at the ambient temperature (Fig 1) . Accordingly, the appropriate wavelength at which reactants1, 2, 3 and catalyst have relatively no absorbance was found to be 370 nm; so, full kinetics and mechanism of the reaction was investigated at this wavelength. Hereupon, in all the experiments, the UV-Vis spectrum of the product was measured over the concentration range (10 -3 M < M product <10 -2 M) to demonstrate a linear relationship between the absorbance and concentration values. In the third experiment under same condition with the previous experiment the absorbance curve was recorded versus time at 25! and 370 nm (Fig. 2) . Zero, first or second curve fittings can be drawn using the software associated with the UV-Vis instrument; also, the pertaining rate constants can be calculated automatically 23 . As can be seen in Fig. 2 the experimental absorbance data (dotted line) accurately fitted to second order curve (solid line); so, overall order of reaction in accordance with rate law, indicated in equation (1), can be written as: α + β + γ = 2 Rate= k ovr [1] α
RESULTS AND DISCUSSION

Effect of Solvent and Temperature
Several experiments were performed at various temperatures and solvents under the same concentration of each component (10 -2 M). The relevant rate constants obtained from software were listed in Table 1 . The dependency of the rate constants (Lnk obs and Lnk obs /T) on temperature display compatibility with Eyring and Arrhenius equations. Moreover, the linearized form of Eyring equations was examined to compare these two cases with to gather 16 (Figs. 3, 4) . Activation parameters were given in Table 2 .
The positive value of DH ‡ (Table2) indicates that the reaction is endothermic and large negative value of "S ‡ determines a transition state that is forcefully ordered than the reactants.
Also as can be seen from Table 1 , the reaction rate increases whit increasing temperature. Furthermore, in a solvent whit higher dielectric constant (mixture 2:1 water: ethanol) in comparison with lower dielectric constant (ethanol) the reaction rate is accelerated. That can be ascribed to different stability of activated complexes and reactants in these environments.
Effect of Concentration
In order to determine partial order with respect to compounds 1, 2 and 3 three experiments were perform in which the concentration of one of these components was selected much less (5×10 -3 ) than the others (10 -2 ) independently. In other words, pseudo-order conditions were established for these reactions. The absorbance curves were shown in Figs. (5-7) . As can be seen, under pseudo-order conditions, the reaction are first order whit respect to compounds 1 and 2 (Figs. 5, 6 ); in the other hands, α=β=1. Also by accordance of experimental data whit a second order fitting (Fig. 7) and as respects the calculated rate constants from this plot were similar to rate constants calculated from Fig. 2 , we thus say that k obs are independent of concentration of compound 3. That is, the reaction order with respect to this compound is zero. So we can modify equation 1 as fallow:
Effect of catalyst
The reaction between 1, 2 and 3 was accomplished in the presence of agar as a second catalyst in a mixture of water: ethanol (2:1). The reaction rate was increased in comparison with the caffeine (Table 3) ; That is, agar has poor interaction with polar solvent compared to caffeine, so, it can have more liberty for accomplishment its catalytic role.
Proposed Mechanism
To determine which step of proposed mechanism is rate-determining step, the rate law was written for final step of reaction:
... (4) Using the steady state approximation to obtain the concentration of all intermediates (I 1 , I 2 and I 3 ), Rate equation can be written as follows:
... (5) This equation is independent of rate constants for the third and fourth steps. Thus, these steps have no opportunity to be a rate determining step; Furthermore if k 2 [3] According to this equation, the overall order of the reaction is two and the reaction order with respect to compounds (1, 2and 3) is 1, 1 and zero, respectively; which was previously confirmed by the experimental data.
The presence of k 1 in the rate law (equation 6) demonstrates that first step is a rate-determining step and step 2 should be a fast step. In this case, the transition state (Scheme 3, step 1) carries a dispersed charge; hereupon, solvent with higher dielectric constant can be more effectual on this dispersed charge compared whit reactants 1 and 2, that do not have any charge. Thus, the solvent stabilizes the species at the transition state more than the reactants. Therefore, Ea would have lower amounts, and increases the reaction rate.
CONCLUSION
Full kinetic and a mechanistic investigation of aforesaid reaction was undertaken using UV spectrophotometry technique. The results can be listed as follow: 1)
The reaction rate followed second-order kinetics so that the partial order of reaction toward 4-chlorobenzaldehyde, malononitrile and dimedone was respectively one, one and zero.
2)
In solvents with higher dielectric constant the rate of reaction increased and this can be pertained to different stabilization of reactants and activated complex in transition state.
3)
According to experimental data, the first step (k 1 ) of proposed mechanism was identified as a rate-determining step and this was affirmed with steady-state approximation.
4)
Activation energy and parameters ΔG ‡ , ΔS ‡ and ΔH ‡ were calculated for the reaction.
5)
The reaction rate accelerated at higher temperatures. 
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